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Abstract — In many cases, the installation and operation of
high-tech equipment often requires centering and adjustment of
objects or parts with flat surfaces and respectively to control their
mutual location. This paper presents the measurement of the
mutual arrangement of flat surfaces placed nominally in one
plane by means of a dual-channel laser measuring system.
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I.  INTRODUCTION

In the process of installation and operation of high-tech
equipment, is often necessary to control mutual location when
centering and adjusting objects or parts with flat surfaces. For
example, in linear and circular accelerators is necessary to
control the centering and angular orientation of the flanges
(Fig. 1) of the separate sections of the waveguide system. The
requirements are to be parallel to their axes and their centers
to lie on one line, i.e. the flat surfaces must lied in the same
plane
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Fig.1 Scheme of objects with requirements for centering and angular
orientation of the axes & 7 and the normal N; of the separate flat surfaces

In many cases, multi-channel measuring systems are used
to solve such metrological problems. The object of this report
is the application developed dual-channel laser measuring
system [2] for measuring the centering and angular orientation
of planar surfaces.

I1. PRINCIPLE SCHEME OF THE LASER MEASURING SYSTEM

The schematic diagram of the laser system is shown in Fig.
2. The system contains the following main modules: laser
diode emitting unit 1, beamsplitter 2, wedge compensator 3,
reflective prism 4, polarizing compensators 5 and 6,
measuring retro-reflectors 7, PSD 8, and polarizing filter 9.

The beam emitted by the laser unit 1 is divided by the
beamsplitter 2 (prism-cube) into two orthogonally polarized
beams, one of which is oriented parallel to the other beam by
means of the reflective prism 4. The parallelism of the two
measuring channels (I and Il) is adjusted with the wedge
compensator 3. The beams are reflected by the retroreflectors
7 (triple prisms) and after reflection by the prism-cube 2
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(beam 1) and prism 4 (beam |II) respectively to the
photodetector module with PSD 8. In the beams the
polarization compensators 6 (plates A/4) are introduced for
rotation of the plane of polarization.
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Fig. 1 Dual-channel laser system for control of mutual arrangement of
surfaces

The switching between the two measuring channels is
performed by means of the polarizing filter 9.

I1l. MEASUREMENT OF DEVIATIONS ON THE LOCATION OF
FLAT SURFACES

Kbm obektute mpejicraBenu Ha Fig.l ca mpeanucanu
M3UCKBAHMS 32 MPOCTPAHCTBEHOTO UM PA3IOJI0KEHHE CITPSIMO
0a3oBa paBHMHA X, OTHACAIIO CE JO KOOPJIMHATHTE HA
ueHTbpa Cj u ‘briioBara opueHTalms Ha ocute & U #j KaKTo
cieaBa:

To the objects presented in Fig. 1 are prescribed
requirements for their spatial arrangement with respect to the
reference plane Z, relating to the coordinates of the center Cj
and the angular orientation of the axes &j and nj as follows:

— the objects must be centered, i.e. the centers Cj on their
flat surfaces lies on one line - the base line R;

— the axes of symmetry nj and, respectively, nj of the
separate surfaces to be parallel to each other

— the axis & to be perpendicular and the axis nj to be
parallel to the common axis R (& L R #; /I R);



— the surfaces to lie in the base plane %, ie. their radius
vectors to be perpendicular to it (Nj L X);

— j=l...q, where q is the number of controlled surfaces.

The reference plane 2 may be the plane common to all or
a number of surfaces or the plane associated with one of the
surfaces.

The basic line R according to which the location of the
centers is assessed can be:

— the line associated with the extracted line of the centers
(for example, the middle line or the line joining the
centers of the two end surfaces);

— axis 5o of one of the surfaces accepted as base.

The tasks for the control of objects with similar
configuration can be successfully solved using a dual-channel
laser measurement system (LMS) based on the energy axis of
a laser beam.

The scheme of the arrangement of the surfaces and the
measured points is presented in Fig. 3.

Fig. 2 Schematic diagram of the location of the surfaces and the measured
points

The coordinates of three points on each surface (A;, Bj and
Dj), identical to the centers C;j and the axes of symmetry - the
coordinate axes &; and #; of the surfaces should be measured.
The three points lie on two mutually perpendicular lines (A;B;
1 ADj), and the point C; is the mean for the hypotenuse A;D;.

The centers C; of the measured surfaces lie nominally on a
straight line and at a distance T; from the center of the first
surface Ci.

The measurement scheme with the dual-channel laser
system is presented in Fig. 4.
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Fig. 3 Measurement scheme with the two-channel laser system

The two parallel laser beams are oriented nominally
parallel and symmetrically to the line of the centers of the
surfaces.

The points A; and D; are located symmetrically with
respect to the axis #; and at a distance M from each other,
according with the distance between the channels of LMS, and
the points Bj and A; are symmetrical with respect to the axis &
and at a distance L/2 from it.

The coordinates of the points A;j (X'aj, Z'aj) and Bj (X'sj, Z'sj)
in the coordinate system X'y'z 'with axis y', defined by the axis
of beam | and the coordinates of point D;j (X'pj, Z'pj) in the

system x"y"z" with axis y", defined by beam Il axis.

The results of the primary measurement information for
the coordinates of the points are brought to the coordinate
system XYZ, the axis OY of which is set by the median of oy’
and oy", and the directions of the axes OX and OZ - from the
axes of the used two-coordinate PSD:
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The coordinates of the center C;, which is the midpoint of
the hypotenuse B;j-D;j of the right triangle A;B;D; (Fig. 3) can
be determined by the formulas:
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IV. EVALUATION OF THE ACCURACY OF CENTERING OF
SURFACES

The centering accuracy is estimated by the displacement

of the center C; of the surface from the reference axis R — R
in the two coordinate planes XOY and ZOY.

The displacement is defined as the deviation from the
straightness relative to the line associated with the extracted
line of the centers (middle line; line joining the centers of the
two end surfaces).

The mean line, as is well known, is constructed by the
"least squares method".



When using the line joining the centers of the end surfaces
(C1 and Cg) the projections of the base line in the coordinate
planes XOY and ZOY are described by the equations:

(Ry = Rg)x = X = X¢, + (Xc, — Xc,).
5)
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(Ry—Ry), = Z=Z¢, +(Zc, - Zc,).

The displacement is defined as the distance from the
projection of the point C; to the projection of the base line in
the corresponding coordinate plane.

Since the angular displacement of the base line R — R
relative to the coordinate axis QY is relatively small, the
formulas can be used to determine the displacements AXj, AZ;
(decentralization) in the first approximation;
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AX; = X, — (XC1 + 24—
ZC - ZC (6)

AZj = Zc; — (ZC1 + "717}) = EFL;,
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Angular displacements are considered as rotations ax, oy
and az on the surface about the OX axis, about the OY axis
and about the OZ axis, respectively, and are determined using
the results of measuring the coordinates of the points A;, Bj u
and D; by formulas:
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where ax, ay u oz are in radians.

If it is necessary to determine the deviations from flatness
EFF of the total surface of the individual elements, the
measured points A; B; and D;j are considered as points from
the extracted total surface 2.

Based on the results of the measurement and alignment of
the coordinates of the points to the XYZ coordinate system,
the associated on the extracted total surface 25 base plane ¥
(usually the middle plane) is constructed, according to which
the deviation from flatness EFF is determined by the
respective algorithms.

V. ANALYSIS OF METHODOLOGICAL ERRORS

The main methodological errors are as result of the
influence of the algorithm used to estimate the deviations of
the form and location of the surfaces of the controlled object.

A Errors in determining the displacement of the centers of
the surfaces 4X and 4Z

According to the proposed algorithm, the displacements
AX;, AZ; of the center C;j (Xcj, Ycj, Zcj) are determined by the
distance from the center to the base line, measured in the
direction of the respective coordinate axis (Fig. 5), and not as
a distance from the center to the base.

Fig. 4 Error of determining center offset

At angular displacement B of the base line relative to the
OY axis of the coordinate system, this leads to a relative error
in determining the displacement:

8(AX)) = AX; sin?p ©))

As. when measuring the OY axis of the system is oriented
nominally parallel to the line of the centers, the angle B is
relatively small and the error is negligibly small. For example,
at a slope of B = 1°, the relative error is below 0.04%.

B Errors in determining the angular displacements ox, oy
and az.

The rotation of the surface around the OX axis is estimated
by the difference AZpg = Zg — Za in the coordinates of points
A and B.

The analysis shows that the rotation of the surface about
the axis OZ at an angle oz does not affect the result for the
angle of rotation ax, while the rotation of the surface about the
axis OY at an angle oy leads to an error dax in estimating the
angle of rotation ax about the axis OX:

_6(AZ) 4 a2 (9)

ax—iL = axAy

The rotation of the surface about the axis OZ does not
affect the result of the angle of rotation ay about the axis OY.
However, rotating ox on the surface about the OX axis
introduces an error day in estimating oy:

6(AZ
ay = % = aya? (10)

The rotation of the surface about the OX axis does not
affect the result of the angle of rotation oz about the OZ axis,
while the rotation oy of the surface about the OY axis
introduces an error daz in estimating ay:

s
Sa, = 28048 }L()AB = aza} (11)

Since the angles of rotation a about the individual axes are
relatively small, the influence of the rotation about a given
axis on the result of the evaluation of the angular position of
the surface relative to the other two axes is negligible. For
example, when rotating the surface at an angle ay = 2°, the
relative error in determining ax and oy is less than 0.1%.



CONCLUSION

A method for assessing the mutual arrangement during
alignment and adjustment, as well as during control in the
process of operation of objects or details with flat surfaces
nominally lying in one plane has been developed.

The proposed algorithms allow determining the position
of the surfaces by measuring the coordinates of points on them
with the developed dual-channel laser measuring system.

The analysis of the methodological errors due to the
influence of the angular displacements shows that the
proposed algorithm provides an adequate assessment of the
spatial arrangement of the surfaces.
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